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Objectives:  To investigate  the independent  and  combined  associations  of objectively  measured  moderate-
to-vigorous  physical  activity  (MVPA)  and sedentary  time  (ST)  with  reading  and  arithmetic  skills.
Design:  Cross-sectional/prospective.
Methods: Participants  were  89  boys  and  69 girls  aged  6–8  years.  MVPA  and ST were  measured  using  a  com-
bined  heart  rate  and  movement  sensor  and  body  fat percentage  by dual-energy  X-ray  absorptiometry  in
Grade 1.  Reading  ﬂuency,  reading  comprehension,  and  arithmetic  skills  were  assessed  using  standardized
tests  in Grades  1–3. The  data  were  analyzed  using  linear  regression  analyses  and  analyses  of  covariance
with  repeated  measures.
Results:  In  boys,  MVPA  was  directly  and  ST  inversely  associated  with  reading  ﬂuency  in  Grades  1–3
and  arithmetic  skills  in Grade  1  (P < 0.05).  Higher  levels  of MVPA  were  also related  to  better  reading
comprehension  in Grade  1 (P < 0.05).  Most  of the  associations  of  MVPA  and  ST  with  reading  and  arithmetic
skills  attenuated  after  mutual  adjustment  for MVPA  or  ST.  Furthermore,  boys  with  a combination  of  lower
levels of MVPA  and  higher  levels  of ST  had  consistently  poorer  reading  ﬂuency  (P = 0.002)  and  reading
comprehension  (P =  0.027)  across  Grades  1–3  than  other  boys.  In girls,  ST was  directly  associated  with
arithmetic  skills  in  Grade  2  (P <  0.05).  However,  this  relationship  of  ST with  arithmetic  skills  was  no  longer
signiﬁcant  after  adjustment  for  body  fat percentage.
Conclusions:  Lower  levels  of  MVPA  and  higher  levels  of  ST  and  particularly  their  combination  were  related
to  poorer  reading  skills  in  boys.  In girls,  higher  levels  of  ST were  related  to better  arithmetic  skills.
© 2016  Sports  Medicine  Australia.  Published  by Elsevier  Ltd.  This  is  an  open  access  article  under  the. Introduction
Physical inactivity is a major public health problem in developed
ountries.1 There is some evidence that higher levels of physical
ctivity (PA) and lower levels of sedentary time (ST) are associatedPlease cite this article in press as: Haapala EA, et al. Physical activity an
J Sci Med  Sport (2016), http://dx.doi.org/10.1016/j.jsams.2016.11.003
ith better brain structures and functions in children.2,3 Moreover,
ow levels of PA and high levels of ST, particularly TV watching,
ave been linked to poorer academic achievement in children.4,5
∗ Corresponding author.
E-mail address: eero.haapala@uef.ﬁ (E.A. Haapala).
ttp://dx.doi.org/10.1016/j.jsams.2016.11.003
440-2440/© 2016 Sports Medicine Australia. Published by Elsevier Ltd. This is an open acCC  BY  license  (http://creativecommons.org/licenses/by/4.0/).
However, these relationships are mainly based on data from cross-
sectional studies using self-reported PA and ST.4,6 The ability of
self-report to rank the level of PA correctly has been questioned, and
self-reports are also prone to recall bias.7 Therefore, evidence on
the associations of objectively measured PA and ST with academic
achievement in children is highly warranted.
Higher levels of objectively measured moderate-to-vigorous
PA (MVPA) at the age of 11 were associated with better aca-
8d sedentary time in relation to academic achievement in children.
demic achievement at the ages of 11, 13, and 16 years but
with poorer academic achievement in children and adolescents
aged 6–18 years.9 Some studies have found no relationship
between objectively measured MVPA and academic achievement in
cess article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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hildren 10 years of age.5,10 In recent studies, higher levels of
A have been associated with better academic achievement only
mong boys.11,12 In contrast, some studies have observed an associ-
tion between higher levels of PA and better cognitive performance
n girls but not in boys.13,14 There are studies on the associations
f MVPA with academic achievement during childhood, although
VPA accounts only for a small proportion of daily PA among
hildren.15 However, there are no studies on the relationships of
bjectively measured light PA to academic achievement although
hildren spent most of their physically active time in light PA.15
Few available studies on the associations of objectively mea-
ured ST with academic achievement suggest a weak positive
r no relationship between ST and academic achievement in
hildren5 and adolescents.16,17 These results are consistent with
he observations indicating that some sedentary behaviors, such
s TV watching, are inversely associated whereas some sedentary
ehaviors, such as reading, are directly associated with academic
chievement in children that makes the interpretation of the asso-
iations between total ST and academic achievement difﬁcult.4
The evidence on the independent and combined relationships
f objectively measured PA and ST to academic achievement is lim-
ted. Furthermore, there are only a few studies on the longitudinal
ssociations of PA and ST with academic achievement during the
rst school years. Therefore, we investigated the independent and
ombined associations of objectively measured MVPA, light PA, and
T in Grade 1 with reading and arithmetic skills in Grades 1–3 in
innish boys and girls aged 6–8 years.
. Methods
.1. Study design and study population
Data for the present analyses were obtained from the Physical
ctivity and Nutrition in Children (PANIC) Study and the First Steps
tudy, two independent studies that are being conducted simul-
aneously among primary school children in the City of Kuopio,
inland.18 Altogether 207 children from the City of Kuopio par-
icipated in both the PANIC Study and the First Steps Study. Data
n PA, ST, and confounding factors were derived from the PANIC
tudy in Grade 1 and data on reading and arithmetic skills at the
nd of Grades 1–3 were received from the First Steps Study. Com-
lete data on variables used in the present analyses were available
or 153 children (89 boys, 64 girls) in Grade 1, 149 children (87
oys, 62 girls) in Grade 2, and 145 children (86 boys, 59 girls)
n Grade 3. Children who were excluded from the present analy-
es because of incomplete data had higher levels of MVPA, lower
evels of ST, and higher maximal workload per lean body mass
n maximal cycle ergometer exercise test than the children who
ere included (P < 0.05). There were no differences in other char-
cteristics between children in the study sample and the excluded
hildren. The PANIC Study protocol was approved by the Research
thics Committee of the Hospital District of Northern Savo, Kuopio,
nd the First Steps Study protocol was approved by the Research
thics Committee of the University of Jyväskylä. All participating
hildren and their parents provided written informed consent. The
unding sources had no role in the collection, analysis, or interpreta-
ion of the data or in the approval or disapproval of the publication.
.2. Assessment of academic achievement
Reading ﬂuency was assessed using a group-administered sub-Please cite this article in press as: Haapala EA, et al. Physical activity an
J Sci Med  Sport (2016), http://dx.doi.org/10.1016/j.jsams.2016.11.003
est of the nationally normed reading achievement test battery for
rimary schools called Ala-asteen lukutesti (ALLU) in Finnish.19 The
est score was the number of correct answers, ranging from 0 to 80,
uring a 2-min time limit for items that involved identifying the PRESS
edicine in Sport xxx (2016) xxx–xxx
correct word from four phonologically similar alternatives linked
to an adjoining picture.
Reading comprehension was assessed with a group-
administered subtest from the ALLU test battery.19 After reading
a short text, children were asked to answer to 12 multiple-choice
questions relating to facts, causal relationships, interpretations, or
conclusions drawn from the text. The test score was the number
of correct answers, ranging from 0 to 12, during the 30-min test
period when children were allowed to refer to the original text.
Arithmetic skills were assessed using a basic arithmetic test with
a set of visually presented addition and subtraction tasks.20 Chil-
dren were asked to perform as many calculations as they could
during the 3-min time limit. The test score was  the number of
correct answers, ranging from 0 to 28.
2.3. Assessment of physical activity and sedentary time
PA was objectively assessed using a combined heart rate and
movement sensor (Actiheart
®
, CamNtech Ltd., Papworth, UK)21
which was  attached to the children’s chest with two standard ECG
electrodes. The children were asked to wear the sensor continu-
ously for a minimum of four days (including sleep and water-based
activities) without changing their usual behavior. The heart rate
data were individually calibrated with data from a maximal cycle
ergometer exercise test. We  deﬁned MVPA as activities exceeding
the intensity of 4 metabolic equivalents (METs), light PA as activities
that were performed at the intensity of 1.5–4 metabolic equivalents
(METs), and ST as activities that were performed below the inten-
sity of 1.5 METs. We  included data on children who had at least 48 h
(32 h during weekdays, 16 h during weekend days, represented by
≥12 h of morning, noon, afternoon, and evening wear time) of valid
activity recording in the analyses.22
2.4. Other assessments
Body height and body weight were measured by standard
procedures.23 Pubertal status was  assessed using the ﬁve stage cri-
teria described by Tanner.24 Body fat mass, body fat percentage, and
lean body mass were measured using the Lunar Prodigy Advance
®
DXA device.25 Cardiovascular ﬁtness (maximal workload per lean
body mass) was assessed by a maximal cycle ergometer test and
motor performance by 50-m shuttle run test time.25 Parental
education, household income, PA at different settings including
unsupervised PA, organized sports, other supervised exercise, PA
at recess, and physically active school transportation, habitual time
spent watching TV, using computer, and reading were assessed by
a questionnaire.26 The risk of reading disability was  assessed in the
First Steps Study as described earlier.27 Children’s wellbeing was
assessed by a questionnaire that was ﬁlled out by the parents and
included 37 questions on the frequency of the components of phys-
ical, psychological, and social wellbeing scored between 1 (never)
and 5 (every day or almost every day). Overall wellbeing score was
computed as a sum of all these measures that ranged between 37
and 185, lower score indicating better overall wellbeing.
2.5. Statistical methods
We  performed all data analyses using SPSS Statistics, Version
21.0 (IBM Corp., Armonk, NY, USA). Basic characteristics between
boys and girls were compared using the Student’s t-test, the
Mann–Whitney U-test, or the chi square-test. The associations of
MVPA, light PA, and ST in Grade 1 with reading ﬂuency, readingd sedentary time in relation to academic achievement in children.
comprehension, and arithmetic skills in Grades 1–3 were stud-
ied using linear regression analyses. MVPA, Light PA, and ST were
entered into the model one by one and data were adjusted for age,
sex, and sensor wear time. The data were mutually adjusted for
ARTICLE IN PRESSG ModelJSAMS-1424; No. of Pages 7
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Table  1
Basic characteristics.
All Boys Girls P
Background characteristics
Age (years) 7.7 (0.4) 7.7 (0.4) 7.6 (0.3) 0.021
Prepubertal (%) 96.8 96.7 97.0 0.935
Body  height (cm) 130 (5.5) 130.0 (5.8) 128.5 (5.0) 0.052
Body  weight (kg)† 25.8 (6.1) 26.4 (5.8) 25.5 (6.0) 0.250
Body  fat percentage† 18.1 (11.2) 14.8 (11.6) 19.9 (10.4) <0.001
Maximal work load/lean body mass (W/kg) 3.6 (0.5) 3.7 (0.5) 3.4 (0.4) <0.001
50-m  shuttle run test time (s) 24.1 (2.2) 23.8 (2.1) 24.7 (2.1) 0.012
Parental education (%)
Vocational school or less 20.0 23.9 14.7 0.105
Polytechic 38.1 31.5 47.1
University degree 41.9 44.6 38.2
Household income (%)
≤30,000 20.3 21.1 19.1 0.616
>30,000–60,000 45.6 42.2 50.0
>60,000 34.2 36.7 30.9
Risk  of reading disabilities 13.8 18.5 7.4 0.043
Physical activity and sedentary time
Sensor wear time during weekdays (hours)† 98.6 (49.4) 92.6 (45.1) 113.6 (52.5) 0.223
Sensor wear time during weekend (hours)† 40.8 (24.1) 38.7 (25.4) 45.0 (19.8) 0.170
Sedentary time (min/d)† 226 (192) 226 (199) 223 (202) 0.694
Light  physical activity (min/d) 501 (117) 489 (112) 517 (122) 0.140
Moderate-to-vigorous physical activity (min/d)† 95.8 (82.7) 108 (88.9) 77.7 (62.6) <0.001
Academic achievement
Grade 1
Reading ﬂuency (range 0–28) 18.7 (9.5) 17.8 (10.4) 19.9 (8.0) 0.147
Reading comprehension (range 0–12)† 5.0 (5.0) 4.0 (6.0) 5.0 (6.0) 0.134
Arithmetic skills (range 0–28) 10.3 (4.2) 10.3 (4.4) 10.2 (4.0) 0.856
Grade  2
Reading ﬂuency 24.8 (8.4) 24.3 (9.5) 25.5 (6.8) 0.337
Reading comprehension 8.0 (5.0) 7.0 (5.0) 9.0 (4.0) 0.003
Arithmetic skills 15.4 (5.1) 15.0 (5.5) 16.0 (4.4) 0.176
Grade  3
Reading ﬂuency 36.4 (9.0) 34.7 (9.3) 38.6 (8.3) 0.007
Reading comprehension 9.0 (2.0) 9.0 (3.0) 10.0 (2.0) 0.126
Arithmetic skills 19.7 (4.8) 19.5 (4.6) 20.0 (5.1) 0.508
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hata are from the Student t-test or Mann–Whitney U test for continuous variables a
istributed variables, medians (IQR)† for slightly skewed variables, or percentages (
VPA, light PA, and ST in order to investigate the independent
ssociations of these measures with academic achievement. We
dditionally adjusted the data on the associations of PA and ST with
cademic skills in Grades 2–3 for academic skills in Grade 1.
The combined associations of MVPA and ST in Grade 1
ith academic achievement in Grades 1–3 were investigated by
ichotomizing MVPA and ST at their sex-speciﬁc medians and com-
aring academic achievement of children with a combination of
ower levels of MVPA (≤109 min/d for boys, ≤79 min/d for girls)
long with higher levels of ST (>215 min/d for boys, >227 min/d
or girls) to all other children using analyses of covariance with
epeated measures adjusted for age, sex, and sensor wear time. We
nvestigated the interactions of sex with PA and ST on academic
kills using general linear models.
In addition to the adjustment for age, sex, and sensor wear time,
ll data were further adjusted for parental education, household
ncome, maximal workload achieved in exercise test, 50-m shuttle
un test time, body fat percentage, PA at different settings, time
pent watching TV, using a computer, reading or writing, risk for
eading disability, or the wellbeing score.Please cite this article in press as: Haapala EA, et al. Physical activity an
J Sci Med  Sport (2016), http://dx.doi.org/10.1016/j.jsams.2016.11.003
. Results
Boys were slightly older, had a lower body fat percentage, a
igher maximal workload achieved in exercise test, and a faster 50-i-square test for categorical variables and are displayed as means (SD) for normally
alues refer to statistical signiﬁcance for differences between boys and girls.
m shuttle run test time, and were more likely to have increased risk
for reading disability than girls (Table 1). Boys also had higher lev-
els of MVPA, poorer reading comprehension in Grade 2, and poorer
reading ﬂuency in Grade 3 than girls.
In all children, MVPA in Grade 1 was directly associated with
reading ﬂuency in Grades 2 and 3 (Table 2). MVPA or ST had no
other statistically signiﬁcantly associations with academic skills
in all children (Table 2). Furthermore, sex modiﬁed many associ-
ations of MVPA, light PA, and ST with reading and arithmetic skills
(Table 2).
In boys, higher levels of MVPA in Grade 1 were related to
better reading ﬂuency in Grades 1–3 and better reading compre-
hension and arithmetic skills in Grade 1 after adjustment for age
and sensor wear time (Table 2). Higher levels of ST in Grade 1
were associated with poorer reading ﬂuency in Grades 1–3 and
poorer arithmetic skills in Grade 1 after adjustment for age and
sensor wear time. Light PA in Grade 1 was  related to better read-
ing ﬂuency in Grade 3. However, this association was  no longer
statistically signiﬁcant after further adjustment for MVPA, ST, or
body fat percentage (P > 0.100). Only the association of MVPA with
reading ﬂuency in Grade 2 remained statistically signiﬁcant afterd sedentary time in relation to academic achievement in children.
mutual adjustment for MVPA and ST. Further adjustment for read-
ing ﬂuency in Grade 1 attenuated the associations of MVPA or ST
in Grade 1 with reading ﬂuency in Grade 2 (P > 0.150) but it had
no effect on the relationships of MVPA or ST to reading ﬂuency in
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Table 2
Associations of physical activity and sedentary time with academic achievement.
Reading ﬂuency Reading comprehension Arithmetic skills
All Boys Girls P for interaction All Boys Girls P for interaction All Boys Girls P for interaction
Grade 1
Sedentary time
(min/d)
−0.111 −0.247* 0.147 0.016 −0.097 −0.209 0.034 0.132 −0.089 −0.229* 0.149 0.063
Light  physical
activity (min/d)
0.028 0.138 −0.146 0.133 0.067 0.109 0.035 0.653 0.045 0.174 −0.166 0.109
Moderate-to-
vigorous  physical
activity (min/d)
0.163 0.285** −0.171 0.011 0.105 0.255* −0.211 0.007 0.133 0.227* −0.108 0.094
Grade  2
Sedentary time
(min/d)
−0.129 −0.225* 0.028 0.119 −0.103 −0.118 −0.133 0.892 0.028 −0.152 0.379** 0.009
Light  physical
activity (min/d)
0.042 0.071 −0.001 0.715 0.076 0.033 0.191 0.438 −0.025 0.164 −0.385** 0.006
Moderate-to-
vigorous  physical
activity (min/d)
0.192* 0.309** −0.183 0.008 0.113 0.190 −0.056 0.148 0.014 0.067 −0.155 0.309
Grade  3
Sedentary time
(min/d)
−0.146 −0.354** 0.158 0.004 −0.080 −0.134 0.066 0.324 −0.032 −0.155 0.163 0.111
Light  physical
activity (min/d)
0.035 0.227* −0.249 0.015 0.078 0.120 −0.037 0.455 −0.002 0.129 −0.203 0.105
Moderate-to-
vigorous  physical
activity (min/d)
0.275** 0.350** 0.100 0.238 0.130 0.156 0.001 0.500 0.086 0.134 −0.036 0.431
Data are standardized regression coefﬁcient from multivariate linear regression analyses adjusted for age, sex, and sensor wear time. Moderate-to-vigorous physical activity was deﬁned as activities exceeding the intensity of 4
metabolic  equivalents (METs), light physical activity as activities that were performed at the intensity of 1.5–4 metabolic equivalents (METs), and sedentary time as activities that were performed below the intensity of 1.5 METs.
There  were 153 children (89 boys, 64 girls) in Grade 1, 149 children (87 boys, 62 girls) in Grade 2, and 145 children (86 boys, 59 girls) in Grade 3.
Statistically signiﬁcant associations are bolded.
* P ≤ 0.05.
** P ≤ 0.01.
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Fig. 1. Differences in reading ﬂuency, reading comprehension, and arithmetic skills in Grades 1–3 between 30 boys with low levels of MVPA and high levels of ST and other
5 her 37
m
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m6  boys and between 22 girls with low levels of MVPA and high levels of ST and ot
arginal means and their 95% conﬁdence intervals.
rade 3 (P < 0.030). Furthermore, the relationships of MVPA and ST
n Grade 1 to reading and arithmetic skills in Grade 1 were no longer
tatistically signiﬁcant after additional adjustment for body fat per-
entage or 50-m shuttle run test time (P > 0.065). The relationship
etween MVPA and arithmetic skills in Grade 1 was also attenu-
ted after controlling for the wellbeing score (P = 0.092). Additional
djustments had no effects on these associations (data not shown).
In girls, lower levels of light PA and higher levels of ST in Grade 1
ere related to better arithmetic skills in Grade 2 after adjustment
or age and sensor wear time (Table 2). These associations were noPlease cite this article in press as: Haapala EA, et al. Physical activity an
J Sci Med  Sport (2016), http://dx.doi.org/10.1016/j.jsams.2016.11.003
onger statistically signiﬁcant after mutual adjustment for light PA
nd ST (data not shown). The relationship of ST in Grade 1 to arith-
etic skills in Grade 2 was no longer statistically signiﬁcant after girls adjusted for age and sensor wear time. The data are presented as estimated
further controlling for body fat percentage. Additional adjustments
had no effect on this association.
Boys with a combination of lower levels of MVPA and higher
levels of ST in Grade 1 had poorer reading ﬂuency (mean differ-
ence across Grades 1–3 = −6.6, 95% CI for the difference = −10.6
to −2.6, P = 0.002) and reading comprehension (mean difference
across Grades 1–3 = −1.3, 95% CI for the difference = −2.5 to −0.2,
P = 0.027) than all other boys after adjustment for age and sen-
sor wear time (Fig. 1). Boys with a combination of lower levels
of MVPA and higher levels of ST also had poorer reading ﬂuencyd sedentary time in relation to academic achievement in children.
in Grades 2–3 than all other boys after adjustment for age, sen-
sor wear time, and reading ﬂuency in Grade 1 (mean difference
across Grades 2–3 = −3.0, 95% CI for the difference = −5.4 to −0.6,
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 = 0.014). In girls, no statistically signiﬁcant combined associations
f MVPA and ST in Grade 1 with reading and arithmetic skills in
rades 1–3 were found. Further adjustments had no effects on these
ifferences (data not shown).
. Discussion
In the present study among Finnish primary school children
ged 6–8 years, we found that lower levels of MVPA, higher levels
f ST, and particularly their combination, were related to poorer
eading skills in boys. Furthermore, we observed that higher levels
f MVPA and lower levels of ST were related to better reading skills
n Grades 2 and 3, independent of reading skills in Grade 1 among
oys. We  found few associations of PA and ST with academic skill
n girls. Lower levels of light PA and higher levels of ST were associ-
ted with better arithmetic skills but the relationship between ST
nd arithmetic skills weakened markedly after controlling for body
at percentage.
Previous investigations suggest either direct,8 non-
igniﬁcant,5,10,17 or inverse9 relationships between objectively
easured MVPA and academic achievement in children and
dolescents. We  found a direct association between MVPA and
cademic achievement in boys, while the relationship was  sta-
istically non-signiﬁcant or inverse in girls. Our observation on
he direct associations of MVPA with reading skills in boys is
n line with the results of studies showing direct relationships
f PA and cardiorespiratory ﬁtness to academic achievement
nd working memory in boys but not in girls at 6–10 years of
ge.11,12 Nevertheless, some studies in adolescents suggest a
irect association between PA and academic achievement in
irls but not in boys.13,14 It has been hypothesized that these
ex differences may  be due to more advanced sexual maturation
nd higher plasma levels of circulating sex-hormones, or better
sychosocial wellbeing among girls than boys.12,28 Another reason
or these sex-dependent associations may  be that the effects of
A on self-esteem or friendship networks, which may  increase
chool connectedness and school adjustment and thereby improve
cademic achievement, are larger in boys than in girls 6–8 years of
ge.29,30 Furthermore, girls may  receive more educational support
rom their parents than boys31 which may  have an effect on the
ssociations of PA and ST with academic achievement in children
uring early school years. Weak and inconsistent associations of
A and ST with academic achievement among girl may also be
artly due to a smaller number of girls than boys in our study
ample and therefore limited statistical power in the analyses.
urthermore, body fat percentage weakened the association of
T with arithmetic skills in girls. More research is warranted on
he effects of these factors on the association between PA and
cademic achievement.
Biological mechanism by which higher levels of PA may  improve
cademic achievement in boys include improved neuroelectric pro-
essing, increased hippocampal volumes and plasma neurotrophic
actor concentrations, enhanced blood ﬂow in the brain, and
mproved attention and working memory.2,3 Furthermore, some
vidence suggests that high levels of ST that result in low energy
xpenditure may  impair learning by decreasing plasma levels of
rain-derived neurotrophic factor.2 PA and ST likely have similar
ffects on the brain in girls and in boys, but other factors, such as
arental educational support, peer acceptance, teachers’ positive
ttitude for the student, and children’s motivation towards school
re more important correlates of academic achievement than PAPlease cite this article in press as: Haapala EA, et al. Physical activity an
J Sci Med  Sport (2016), http://dx.doi.org/10.1016/j.jsams.2016.11.003
nd ST among girls.32,33
Higher levels of TV watching and lower levels of reading have
een associated with poorer academic achievement in children.4,11
here are few studies on the associations of objectively measured PRESS
edicine in Sport xxx (2016) xxx–xxx
ST with academic achievement in children. Some of these stud-
ies have shown a weak positive relationship and other studies no
association between ST and academic achievement.5,16,17 We  found
that higher levels of objectively measured ST were related to poorer
reading ﬂuency in boys independent of screen-based sedentary
behavior and reading. However, these associations were weakened
after controlling for MVPA, suggesting that boys with higher lev-
els of ST also had lower levels of MVPA. Accordingly, boys with a
combination of lower levels of MVPA and higher levels of ST had a
6.5 point lower score in reading ﬂuency and a 1.3 point lower score
in reading comprehension than other boys. Thus, our data suggest
that a combination of low MVPA and high ST might be particu-
larly harmful for the development of academic skills in boys and
that increasing MVPA, reducing ST, or especially both of them may
improve academic achievement.
We found that the associations of MVPA and ST with reading
and arithmetic skills in Grade 1, but not in Grades 2–3, weakened
after controlling for body fat content and motor performance. It
is well characterized that PA, adiposity, and motor performance
are interrelated.34 Motor performance has been directly related to
academic skills in children, particularly in boys18,25 and adipos-
ity has been inversely associated with academic achievement in
children.35 Although our results suggest that more active boys had
a lower body fat percentage, better motor performance, and better
reading skills in Grade 1 than other boys, physically active lifestyle
in Grade 1 may  improve reading skills later regardless of the level
of adiposity and motor performance. Furthermore, higher levels of
MVPA in Grade 1 were associated with better reading ﬂuency in
Grade 3 and the combination of high levels of MVPA and low levels
of ST was related to better reading ﬂuency in Grades 2–3 indepen-
dent of reading skills in Grade 1 and other confounding factors.
Thus, in line with the ﬁndings by Booth et al.,8 our results sug-
gest that boys with lower levels of MVPA and higher levels of ST in
Grade 1 had smaller improvements in reading skills during the ﬁrst
school years than other boys. An explanation for our observations
might be that higher levels of MVPA and lower levels of ST in Grade
1 are related to improved brain structures and functions, better
cognitive functions, self-esteem, school connectedness, and school
adjustment that may  improve learning particularly in boys.3,28
The strengths of the presents study are the objective measures
of PA and ST, the assessment of reading and arithmetic skills using
standardized tests, and the prospective study design. We  also used
a comprehensive battery of important covariates in the analyses.
However, our data do not allow us to draw conclusions on causal
relationships, because we  assessed PA and ST only in Grade 1.
We also had a relatively small sample size particularly for girls
that decreased power to detect statistically signiﬁcant associations.
Nevertheless, the characteristics of the study sample were rela-
tively comparable to the excluded children. Because of a small
sample size, we  were not able to investigate the combined asso-
ciations of MVPA and ST with academic skills using four possible
groups of MVPA and ST but compared children with lower levels of
MVPA and higher levels of ST with all other children.
5. Conclusion
In conclusion, lower levels of MVPA, higher levels of ST, and
especially their combination were related to poorer reading skills
in Grades 1–3 among boys. We  found weak and inconsistent asso-
ciations of PA and ST with academic skills in girls. Thus, our results
provide some evidence that promoting a physically more actived sedentary time in relation to academic achievement in children.
lifestyle may  beneﬁt the development of reading skills in boys dur-
ing the ﬁrst school years. More research is needed to investigate
whether the associations of PA and ST with academic skills are
different in boys and girls.
 ING ModelJ
 and M
P
–
–
–
A
a
d
M
F
C
s
N
F
f
K
F
p
P
i
d
p
s
R
[
[
[
[
[
[
[
[
[
[1
[1
[1
[1
[1
[1
[1
[1
[1
[1
[2
[2
[2
[2
[2
[2
[2
[2
[2
[2
[3
[3
[3
[3
[3
effect on positive developmental trajectories of health. Sport Med  2015;
45(9):1273–1284.
[35]. Reinert KRS, Po’e EK, Barkin SL. The relationship between executive function
and  obesity in children and adolescents: a systematic literature review. J ObesARTICLESAMS-1424; No. of Pages 7
E.A. Haapala et al. / Journal of Science
ractical implications
 Increasing daily physical activity and decreasing sedentary time
may  improve academic performance particularly in boys.
 A combination of low levels of physical activity and high levels
of sedentary was strongly related to poor academic performance
in boys.
 Physical activity or sedentary time had small if any association
with academic performance in girls.
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